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INTRODUCTION
Diabetes is a Greek-derived term, which means -to pass through‖ and Mellitus means -sweet‖, collectively recognized as Diabetes Mellitus, the silent epidemic. Diabetes Mellitus is an ancient disease, proclaimed by Egyptians and Indians approximately 3000 years ago (Ahmed, 2002; Sami et al., 2017) . Diabetes Mellitus (DM) is defined by world health organization (WHO) as a chronic metabolic disorder which is characterized by elevated sugar level in blood, which eventually leads to the serious damage and malfunctioning of body organs, and contributes to 1.6 million deaths every year. According to the Global report on diabetes released by WHO, since 1980 a drastic rise in the count of diabetic patients (422 million adults) had been reported in 2014. The classification of hyperglycemic disorder can be determined on the basis of aetiology and pathophysiological stages and can be termed as type 1 Diabetes Mellitus, caused by the body's own immune system; type 2 Diabetes Mellitus caused by insulin resistance in the body; Gestational diabetes, elevated glucose concentration during pregnancy; and Diabetes Mellitus due to other specific mechanism or disease (genetic abnormalities, pancreatic disease) (Deshpande et al., 2008; Seino et al., 2010; Baynes, 2015) . The degree and time of hyperglycemia determine the severity of symptoms It has been reported by WHO that one in three adults (over the age of eighteen years) and one in ten individuals, resembles overweight and obese respectively, which are the major driving factors for T2DM and its prevalence, amongst other factors including age, lifestyle, diet which is acknowledged in many studies (Sami et al., 2017; Zheng et al., 2018 ). The raised blood glucose level causes severe damage to internal organs of the body due to which it has now become a leading cause of morbidity and fatality. Now a day's diabetes and related disorders are considered as the consistent burden on the health care system. The diabetes-induced complications are categorized on the basis of severity as Acute, Chronic and other complications. Acute complication includes hypoglycemia, hyperglycemic crises, Diabetes ketoacidosis and hyperglycemic hyperosmolar state (HHS), while the chronic complications consists of microvascular (diabetic retinopathy, nephropathy and neuropathy) and macrovascular complications and other complications comprises of hypothyroidism, limited joint mobility, impaired growth and infection among others (Henry, 1987; Deshpande et al., 2008; Baynes, 2015) . Figure 1 illustrates the complications induced by diabetes.
Figure-1. Relation of Diabetes with other Diseases
Source: Deshpande et al. (2008) ; Xu et al. (2012) ; Palomba et al. (2015) ; Giovannucci et al. (2010) Diabetes Mellitus is diagnosed by various series of tests like Random plasma test, Fasting plasma glucose test, Oral glucose tolerance test and Fructosamine test, in order to determine the type of diabetes so that proper treatment can be provided to control the disorder (Seino et al., 2010; Baynes, 2015) . Since a diabetic patient requires frequent glucose concentration monitoring per day, researchers introduced a hassle-free technique termed as selfmonitoring of blood glucose (SMBG). SMBG is a potential advancement developed for diabetic patients to manage the blood glucose concentration so that diabetes-related complications can be prevented before time. Glucometer or Glucose meter is an extensively used analytical device that instantly measures the glucose level of the body by taking blood as analyte (Tonyushkina and Nichols, 2009; Yoo and Lee, 2010) . Blood sampling is an invasive process that requires skin pricking which is quite painful for many patients especially at the time of multiple pricking. Thus important advancements have been made by the scientists in the recent years that avoid invasion or pricking inside the skin. Non-invasive glucometer is an advancement in the range of glucometers that do not invade the skin. The working principle of non-invasive glucometer is based on three techniques: spectroscopy, transdermal and other techniques (Losoya-Leal et al., 2012; Todd et al., 2017; Nawaz et al., 2018) . A saliva-based non-invasive glucometer is an imminent glucometer which uses saliva as an analyte to help diabetic patients to succumb to various difficulties.
DIABETES MELLITUS HIGHLIGHTS
There have been significant events of the contribution made by the physicians in the history of Diabetes to understand the disorder and develop various diagnostic tools in order to control the disease. The following list includes chronologically arranged milestone years of Diabetes, before 1st century till 21st century, in order to understand the emergence of the disease and various diagnostic devices launched in the market to manage it (Eknoyan and Nagy, 2005; Poretsky, 2010; Yoo and Lee, 2010; Clarke and Foster, 2012; Lakhtakia, 2013; Karamanou et al., 2016; Bruen et al., 2017) . (Eknoyan and Nagy, 2005; Poretsky, 2010; Yoo and Lee, 2010; Clarke and Foster, 2012; Lakhtakia, 2013; Karamanou et al., 2016; Bruen et al., 2017 
SAMPLES USED IN DIABETES DIAGNOSIS
Diabetes diagnosis involves the identification and quantification of various disease-specific molecular markers resembling the occurrence of changes due to the incidence of the complication, glucose is the biomarker estimated to confirm Diabetes Mellitus. Blood testing has been used for years to detect the presence of diabetes in an individual, it provides most significant, sensitive and accurate results as compared to the other available samples but it is an invasive method causing troubles to the patients. Hence non-invasive means of detection using other alternative physiological fluids were identified in the early 1950's but due to lack of technology, efficiency did not match the required standards. Now with the advent of nanotechnology, they are able to produce the required efficiency and authenticity. Urine is one such fluid, with an easy non-invasive collection. Glucose is found in urine when the person is suffering from diabetes and can be amperometrically measured. Interstitial fluid can also be used for glucose monitoring with a minimally invasive process as the tissues exchange biological analytes with the blood.
Sweat is another biofluid having the capability to measure the glucose concentration with enormous advantages such as easiest access and availability. Ocular fluid, the fluid surrounding the eyes and ocular tissue released in the form of tears can also determine the glucose content. This is done by the use of contact lenses having the ability to and Novartis (Basel, Switzerland). Breath-based sensors have the potential to detect the acetone content in the exhaled human breath, producing fruity odour resembles presence of Diabetes Mellitus. Saliva-based analysis is the most profound method enabling non-invasive detection of alterations, occurring because of the changes in the biological functioning of the body such as in case of diabetes, elevation in the amount of glucose happens which can be estimated using salivary glucometers (Makaram et al., 2014; Bruen et al., 2017) .
GLUCOSE MEASURING TECHNIQUES
Glucometers are the devices utilized worldwide by humans for managing the appropriate glucose level in the body, such as in case of hypoglycemic and hyperglycemic disorders. The doctors require a certain level of authenticity in the body glucose concentration provided by the glucometer in order to initiate the treatment of the patient. The working principle of glucose measurement device includes two major parts: the reaction due to enzyme present and the detector. The glucometer consists of the reaction cuvette or the disposable strip carrying the enzyme in the dehydrated state which when reacts with the glucose in the patient's blood or fluid sample produces a detectable product after rehydration which is measured by the meter (Tonyushkina and Nichols, 2009 ). There is a remarkable evolution of the glucometers since the emergence of first blood-based glucometer device in late 1960, which is influenced the extensive growth of glucometers because of their small and compact size, easy to use and variability in design with inbuilt software memory to store and access the stored results (Clarke and Foster, 2012) .
Maintenance of glucose level in the body is the priority for treating diabetes and hence the technological advancements in this field have resulted in a series of glucose biosensors that gives the more authentic results. A biosensor is a unit that incorporates a sensitive biological recognition element that is associated with a physiochemical transducer for producing a measurable signal. Clark and Lyons in 1962 were the first to give biosensor principle based on which the first generation of glucose biosensor devices came into existence. The biosensor mechanism worked upon the utilisation of natural oxygen as the substrate along with measuring an amperometric signal of the product hydrogen peroxide. The yellow springs instrument company analyser Model 23A, the first Biosensor to measure the glucose level based on Clark and Lyons principle, became accessible successfully in the market in 1975 (Yoo and Lee, 2010; Kesavadev et al., 2017) .
The second generation of the biosensor was produced as the need for improvement in the first-generation biosensors. The Non-physiological electron acceptors were used instead of oxygen from which electrons were mediated to the working electrode surface. The result was obtained by amperometric sensing of the oxidised form of mediator. In 1987, ExacTech produced by Medisence Inc. was the first electrochemical blood-based Biosensor. It was also the first self-monitoring device for diabetic patients (Yoo and Lee, 2010; Kesavadev et al., 2017) .
The third generation of the biosensor was the further advancement in the sensing technology in which the electrons were transferred without any mediator. The organic conducting materials were used to directly transfer the electrons and hence this improvement made the biosensor implantable for measuring glucose level continuously.
It was the late 1990s when first in vivo glucose monitoring system was made available in the commercial market, launched by Medtronic Minimed Inc (Yoo and Lee, 2010; Bruen et al., 2017) .
On the basis of method of monitoring glucose level, the measuring techniques can be divided into SelfMonitoring of Blood Glucose(SMBG) based on the monitoring of glucose level by the patient himself, Continuous glucose monitoring(CGM) based on the principle of continuous measurement of interstitial glucose levels, Flash glucose monitoring system(FGMS), recently introduced in Europe, the monitoring system in which the sensor is introduced into the subcutaneous tissue for 14 days before disposal which provides the measured value on the scanner (Bailey et al., 2015; Heinemann and Freckmann, 2015; Kesavadev et al., 2017) . On the basis of the interaction with the patient's body, the glucometer is classified into three categories, the first category contains measurement (Clarke and Foster, 2012; Bruen et al., 2017) . These are based on blood drawing procedure from the body which reacts with the chemically active disposable test strip and displays the glucose level in the connected monitor. Another invasive method includes the Implantable glucose microchips that detect and quantify changes in glucose level within the body. These are implanted with the glucose sensor based on the electrochemical principle which is powered wirelessly to give an accurate amount of glucose. But due to the implanting technique, the patients refuse and follow the non-implantable options (Losoya-Leal et al., 2012; Todd et al., 2017) . The second group consists of minimally invasive devices, like small sub-dermal implants that rely on measuring the Interstitial Fluid (IF). The glucose concentration from the interstitial fluid is converted into an electronic signal by these implants (Losoya-Leal et al., 2012) . Another method of minimal invasion involves Microdialysis techniques that also extracts the interstitial fluid for analysis. Glucose measurement by Microdialysis involves the extraction by insertion of a fiber in the adipose tissue of the abdominal region (Krogstad et al., 1996) . Eirus Intravascular
Microdialysis system monitors glucose level based on minimal invasion of skin (Schierenbeck et al., 2014) .
The third group comprises sensors based on Non-invasive glucose monitoring such as GlucoWatch G2 Nawaz et al., 2018) . The blood is the most studied body fluid for glucose measurements but other more accessible biological fluids such as interstitial fluid, ocular fluid, sweat, breath, saliva and urine have also been inspected as other samples for non-invasive glucose monitoring techniques (Bruen et al., 2017) . The following chart displays the various technologies used for glucose monitoring ( Non-invasive technologies face various challenges as mentioned below (Fig.3) :
Figure-3. Challenges of Non-Invasive technologies
Source: Tamar et al. (2017) 
CHALLENGES OF NON-INVASIVE TECHNOLOGIES
Non-invasive glucose monitoring devices have paved the way for the future of diabetes research. However, these still face a combination of accuracy, usability and applicability challenges majorly and are currently under research to specify ways to overcome them. Accuracy challenges mainly include glucose specificity and sensitivity along with physiological time lag with usability and applicability challenges comprising of calibration of the device and suitability with different users (Lin et al., 2017) . Some other minor challenges include non-robustness of the device, non-portability, inconsistent functionality etc (Losoya-Leal et al., 2012) .
SALIVA BASED GLUCOMETERS
Saliva, a visibly transparent, watery, multiconstituent oral biofluid with a slightly acidic pH(6-7) secreted by the acinus cells present within the salivary glands mainly the parotid, sublingual and submandibular glands along with several minor salivary glands (Greabu et al., 2009; Yoshizawa et al., 2013; Proctor, 2016) . Acinus cells are capable of absorbing molecules from blood via passive diffusion and releasing them along with the saliva, one of the reasons why blood and saliva share similar characteristic profiles thus rendering its potential to act as an astounding diagnostic biofluid for numerous metabolic disorders (Malamud and Rodriguez-Chavez, 2011; Tiwari, 2011) . Major constituent of saliva is water along with some inorganic components such as sodium, calcium, phosphate, bicarbonates, nitrogenous molecules(e.g. urea and ammonia) and organic components like enzymes, glucose, hormones, glycoproteins, mucous and fatty acids (Humphrey and Williamson, 2001; Greabu et al., 2009) facilitating it to perform several essential functions in digestion, mastication, lubrication, buffering, taste facilitation, remineralisation, maintaining oral hygiene, protection and defence (antimicrobial) mechanisms (Lee and Wong, 2009; Pink et al., 2009; Yeh et al., 2010; Wong, 2012) . Apart from this, saliva comprises various biological constituents serving as biomarkers helpful in recognizing diseased conditions. This peculiarity about saliva, a biofluid makes it an important subject for research as it can be used for distinctive diagnosis of the unhealthy state of the human body. Saliva-based glucometers are under investigation as these can render real-time Diabetes monitoring without the need for invasive painful puncturing by traditional blood-based methods. Salivary glucometers allow simplistic sample collection without the necessity of phlebotomists as many times as required by the patients to keep track of their glucose levels. Saliva when compared to blood, the extensively used biofluid for diagnosis of diseases since ages, possess numerous advantages namely, non-invasive accessibility, easy procurement, safer handling, easy storage, economical, reduced discomfort, higher sensitivity, easy shipment, minimal exposure to blood-borne pathogens, reduced chances of contamination and no need of specialised personnel to collect the sample (Kaufman and Lamster, 2002; Greabu et al., 2009; Tiwari, 2011) but above all saliva presents a painless procedure for testing, much required in case of haemophiliacs and haemophobiacs, since it is the non-invasive diagnostic process which also increases compliance with the subjects requiring frequent sampling as in the case of Diabetes (Yoshizawa et al., 2013) Numerous studies have been conducted to investigate the relation between the serum glucose and salivary glucose among the diabetic and non-diabetic patients which concluded that there is a compelling analogy between the above-mentioned parameters in case of diabetic subjects and hence saliva can be significantly used for the screening of diabetes and provide reliable outcomes (Reuterving et al., 1987; Belazi et al., 1998; Amer et al., 2001; Abikshyeet et al., 2012) .
Saliva rightly cited as the -Window on health status‖ since it has most of the biomarkers present in it which can prove to be the reflector indicating the healthy and unhealthy state of a body. This happens due to the existence of various disease-specific biological markers contributing molecular information of the person. Biomarkers are the characteristic molecules or structures providing quantifiable information about the biological processes or the physiological changes taking place inside the body, capable of predicting the presence or incidence of diseases, pathogenic processes and pharmacological responses to drug therapies (Strimbu and Tavel, 2010) . These help in the prognostication, cause identification, risk estimation, diagnosis, progression, regression, dose-response establishment and effects of treatment of diseases. They can help in the prognostic interpretation of existence or reoccurrence of diseases, disease mechanism can be identified, contribute more sensitive and precise results. These can be categorised into two, first biomarkers used for disease diagnosis helpful in screening and monitoring and second, biomarkers for risk prediction which can indicate the susceptibility of an individual to a particular disease hence regarded as prognostic biomarkers identifying the factors which can modify the extent of disease in future (Mayeux, 2004) . Biomarkers occur in multiple forms such as DNA, RNA, proteins and metabolites, detected in different elements of the body including saliva, interstitial fluids, blood, urine, etc. Saliva being non-invasive, its biomarkers prove to be remarkable for easy monitoring hence are largely explored to detect the onset and severity of various types of diseases. Salivary biomarkers study can be classified broadly into two, transcriptomics and proteomics. Salivary transcriptomics is concerned with studying the transcripted RNA molecules released into the saliva during the cellular functioning while salivary proteomics entails the study of proteins present in the saliva resembling metabolic and immunological regulatory pathways. Saliva possesses several locally secreted proteins dissimilar from blood and their profiling can be a valid indicator of complications (Wong, 2012) . Salivary biomarkers include various disease-specific and non-specific analytes such as hormones, steroids, immunoglobulins, nucleic acids, proteins, drugs, growth factors, cytokines and chemokines (Malamud and Rodriguez-Chavez, 2011) .
These are valuable in the identification of infectious diseases by recognizing the antibodies produced against the pathogens present within saliva such as HIV, Hepatitis virus, Herpes virus, Poliovirus, Influenza virus, Mycobacterium tuberculosis, Candida albicans, Plasmodium falciparum and Ebola virus using the PCR or salivabased ELISA test. In case of Renal diseases, biomarkers found include cortisol, nitrite, uric acid, sodium, chloride, amylase and lactoferrin while for Cardiovascular diseases, C-reactive protein, Myoglobin, Free fatty acid, B-type natriuretic peptide, Myeloperoxidase, Low-density lipoprotein and Ischemia modified albumin are found in elevated amount in saliva samples . In Systemic diseases such as Cancer, levels of different salivary biomarkers have been reported to increase such as the cancer antigen, CA15-3 and the oncogene c-erB2 in breast cancer patients. Several salivary transcriptomic biomarkers are found where DNA or RNA present is used to detect autoimmune disorders such as Sjogren's syndrome and Scleroderma. For psychological studies, markers identified include salivary amylase, serotonin, lysozyme, secretory IgA, calcitonin, cortisol, substance P and salivary testosterone levels proving to diminish pain and anxiety a person underwent during testing processes (Malamud and Rodriguez-Chavez, 2011 system proving to be more convenient than the previously available procedures but the requirement is to standardize the methodology according to the salivary perspectives.
UPCOMING PRODUCT
Dr. Ron Clark, co-founder of the device iQuickIt Saliva Analyzer, put his tremendous efforts to develop a saliva-based glucose monitoring device, that is set to launch the device that would enable the measurement of the blood glucose levels without pricking or stabbing the finger of the patients. The product is not yet available to the public, it will soon be within the reach of them and provide freedom from the daily based inconvenience faced by all the diabetic patients. According to Dr. Ron Clark, the main aim for the development of the iQuickIt Saliva Analyzer was to create an opportunity for simple non-invasive testing and to develop a type of technology that makes life easier and comfortable for the diabetic people. Dr. Clark explained that the barrier to accurately calibrate and measure saliva glucose has been removed by developing technologies that utilize high but more practical methods, connecting the dots on proven technologies with some modifications to use saliva for the glucose reading. He stated that the device provides a comparable level of accuracy and further trials are being carried out to refine and provide a higher level of accuracy. Currently, a crowd funding program is being carried out to help support the next phase of product refinement and clinical trials. Even though the process to achieve FDA approval long, the product is supposed to be consumer available within 24 months and will be released into the hands of a diabetic patient/person to provide a better solution (Vieira, 2013) .
Kiss & Tell is another award-winning product that tests for high blood glucose levels using saliva instead of blood. The product is best suited for monitoring the hyperglycemic conditions of Type II diabetic patients. It is mainly for health screening and high blood glucose monitoring but not for diagnostic purpose. Kiss & Tell has been tested with thousands of samples in the laboratory and with people and has demonstrated the high percentage of accuracy in the detection of normal to high glucose levels. But the product is not suitable for testing glucose levels below normal and hence is not intended for either Type I diabetic patients or patients using insulin. It has also been tested to show that other types of sugars (non-glucose) do not interfere with the test results unless the concentration is exceptionally higher than the normal physiological levels. For using the product the patient has been instructed to follow the steps mentioned below:-1. First, the patient has to rinse his/her mouth completely.
2. Then the saliva has to be delivered to the collection well.
3. After that, a pause for 5 minutes has been instructed.
4. Then, the device is checked for colour (dark pink colour indicates high glucose level) (eNano Health, 2016).
Indiegogo (2018) has also developed a glucose measuring device which is painless, faster, simpler and more accurate. The glucose meter that is to be released by Adour has been named SalivaTest and is said to be a revolutionary new, painless way of testing glucose levels by using saliva instead of blood. SalivaTest is close to final testing and prototyping. SalivaTest is being claimed to be the first painless diabetic device. SalivaTest's groundbreaking technology is easier, more convenient, less painful and very accurate. The handy SalivaTest device has been designed to have an attractive design. It can also be linked to the SalivaTest Smartphone App to save data and provide a regular, -at-a-glance‖ diabetes monitoring. And also, the technology used in the SalivaTest device is said to be highly innovative and groundbreaking (Indiegogo, 2018) .
CONCLUSION
The review provides the highlights of the Diabetes Mellitus over centuries that incorporate the recognition of the disease as well as the endowment of the glucose measuring devices. The establishment of the glucose meter accuracy and integrity is a challenging and very demanding task that requires tremendous investigation and efforts in the research field. Traditional blood-based devices possess above mentioned properties and are commonly used
